Prevalence of intestinal parasites in dogs and cats in Barcelona and surrounding areas was studied by analyzing 505 faecal samples of dogs and 50 of cats using a formol-ether diphasic method for helminths, a modified acid-fast technique for Cryptosporidium and other coccidian oocysts, and the Heindenhein technique for Giardia and Entamoeba trophozoites and cysts. Parasites were found in 26.9% of dogs and 34.0% of cats. Giardia duodenalis, Cryptosporidium sp., coccidian oocysts and Entamoeba sp. were detected in both dogs and cats. Taenia sp., Dipylidium caninum, Ancylostoma caninum, Toxocara canis, Toxascaris leonina, Trichuris vulpis and Uncinaria sp. were also found in dogs but only Ancylostoma tubaeforme and Toxocara cati in cats. There was a significant relationship for G. duodenalis and Cryptosporidium sp. with seasonality and for G. duodenalis with geographical origin in dogs. Significant differences were also found for T. canis between stray and domestic dogs and for T. vulpis between males and females.
Introduction
Pets are becoming an important part of societies throughout the world. Dogs and cats have probably the closest contact with man and could act as reservoirs, carriers and transmitters of zoonotic diseases (Robertson et al. 2000 , Irwin 2002 ) and several human parasitic zoonoses are associated with domestic dogs and cats, strays and free roaming semi-wild animals in close contact with people (Traub et al. 2005) . Although none of the parasitic zoonotic diseases are life-threatening to humans, several of them can lead to severe illness and are therefore a public health concern. The risk of severe illness is particularly high for the most vulnerable sectors of society namely children, the elderly, pregnant women and the immunocompromised (Irwin 2002) .
This study aims to assess the current prevalence of gastrointestinal parasites in domestic and stray dogs and cats housed in shelters in the metropolitan area (population ca. 3 million) of Barcelona. Relationships between the parasites and epidemiological factors such as age, sex, seasonality, breed, ownership and geographical origin are analyzed and discussed.
Materials and methods
Between February 1999 and November 2000, faecal samples were collected monthly from 505 dogs and 50 cats housed in shelters after capture in the city or 18 surrounding districts of the metropolitan area of Barcelona (NE Spain). Age (young less than one year old; adult more than one year old) and sex were also determined for most of the dogs. Early morning fresh faeces were taken and frozen (-5°C) in plastic bags. Ten grams of each sample were examined for parasites using a standard formol-ether diphasic method. Two slides, each smeared with 10 µl of sediment, were observed in toto to find eggs of helminths. One smear prepared with 10 µl of sediment was stained with a modified acid-fast technique (Henriksen and Pohlenz 1981) and 100 fields (×1000) were inspected to find Cryptosporidium and other coccidian oocysts. Similarly, another smear was stained using the Heindenhein technique to detect Giardia and Entamoeba trophozoites and cysts (Golvan and Ambroise-Thomas 1984) . Data were computed using the chi-square test with Yates correction to compare differences in prevalences between the groups according to extrinsic and intrinsic host factors at the 5% significant level.
Results
Tables I, II, III and IV summarize the results. Seventeen cats and 136 dogs were parasitized and four protozoa (Giardia duodenalis, Cryptosporidium sp., coccidian oocysts and Entamoeba sp.) were detected in both dogs and cats. The helminths observed in dogs were Taenia sp., Dipylidium caninum, Ancylostoma caninum, Toxocara canis, Toxascaris leonina, Trichuris vulpis and Uncinaria sp. but only Ancylostoma tubaeforme and Toxocara cati were found in cats. Species found very rarely (only in one dog) were not included in the tables.
The overall prevalence of protozoa in dogs was 13.5% (Table II) . No significant differences were found between males and females (15.3% vs. 11.8%), young and adult (15.0% vs. 12.5%), pure and mixed breeds (12.5% vs. 18.4%), stray and domestic dogs (13.2% vs. 14.8%) or surrounding districts and Barcelona city (9.9% vs. 14.3%). Neither was there evidence of seasonality of parasitization by protozoa as a category (Table II) although spring (16.4%) was higher than the rest of the year.
The percentage of young dogs parasitized by G. duodenalis was greater than for the adults (10.8% vs. 7.3%) but prevalences were similar for stray and domestic dogs (6.1% vs. 6.2%). However, significant differences (p<0.05) were observed in prevalence for both G. duodenalis and Cryptosporidium sp. depending on seasonality (Table II) and for G. duodenalis depending on the origin area. Young dogs were less parasitized by Cryptosporidium sp. than adult ones (2.5% vs. 5.2%) but prevalences were little different in pure and mixed breed dogs (7.0% vs. 5.6%) and in domestic and stray dogs (8.6% vs. 5.9%).
The prevalence of all intestinal helminths combined was 17% for dogs. There were no differences in helminth parasitization between males and females (16.5% vs. 16.3%), young and adult (17.5% vs. 17.7%), pure and mixed-breed (15.7% vs. 15.2%), surrounding districts and Barcelona city (14.8% vs. 17.6%) or with seasonality (Table III) . However, a significant difference (p<0.01) was seen between stray and domestic dogs (19.1% vs. 6.2%). Stray dogs were significantly (p<0.01) more parasitized by T. canis than domestic ones (7.3% vs. 2.5%) and although young dogs were more prone to T. canis than older ones (7.5% vs. 5.2%) the difference was no significant. The only other notable difference was the prevalence of T. vulpis, significantly (p<0.05) higher in males than females (7.4% vs. 1.9%). P -dogs parasitized; T -dogs analyzed; % -prevalence; * individuals whose sex and/or age were not known are not included. Parasites were found in 34% of cats. The overall prevalence of protozoa in cats was 18% (Table IV) . Giardia and coccidian oocysts were the most prevalent protozoa among cats (6%). Cryptosporium was present only in 4% of cats. The prevalence of intestinal helminths was 24% for cats being Toxocara cati the most prevalent (22%).
Multiple parasitization by protozoan and/or helminths was detected in 30 dogs and 5 cats, which represent 22.1% and 29.4% of the animals parasitized. Mixed helminth parasitization was observed in 13 dogs (9.6%) and only one cat (5.9%). In addition, only one dog was parasitized by three species (A. caninum, T. leonina and Uncinaria sp.). Neither dogs nor cats were parasitized by more than one protozoan species.
Discussion
The prevalence of intestinal parasites in dogs in the present study (26.9%) was lower than values reported (48.6-98.3%) for other areas of Spain (Valladares et al. 1985 , Ares-Mazas et al. 1987 , Ariza Astolfi et al. 1998 , Martínez-Moreno et al. 2007 .
In the present study the total protozoan prevalence in dogs was 13.5% (Table II) with similar values of G. duodenalis and Cryptosporidium sp. (6.1% and 6.3%, respectively) and higher than those observed for coccidian oocysts and Entamoeba cysts (0.6% and 0.4%, respectively). Parasitization by G. duodenalis in the dogs of our study was similar to that reported in other Spanish (1.07-13.3%) regions (Causapé et al. 1996 , Ariza Astolfi et al. 1998 , Martínez-Moreno et al. 2007 ). In our study area the prevalence of G. duodenalis was very similar in domestic (6.2%) and stray dogs (6.1%), but young animals were more, but not significantly, parasitized (10.8%) than older ones (7.3%). This last factor is consistent with the finding of 4% in dogs under 4 months and 0.9% in dogs 4-12 months old in Córdoba (Spain) (Martínez-Moreno et al. 2007 ). In Zaragoza (Spain), the prevalence of Cryptosporidium sp. was slightly higher in domestic (8.1%) than in stray dogs (6.8%) (Causapé et al. 1996) that is consistent with our findings (8.6% and 5.9%, respectively). However, young dogs studied in Zaragoza were more parasitized (11.8%) than adult ones (6.2%) which is the reverse of our results (2.5% and 5.2%, respectively).
The most prevalent helminth species in our study was T. canis (6.5%), with lower values for T. vulpis (5.3%), A. caninum (4.3%) and T. leonina (3.6%). Higher prevalences (T. canis 18%, T. leonina 14.9%) were found in Córdoba (Spain) (Martínez-Moreno et al. 2007 ). In our study, the prevalence of T. canis was higher in pure-breed dogs (5.9%) than in mixedbreed ones (4%) which might be due to the fact that the purebreed dogs were mostly strays in which the prevalence of T. canis was higher (7.3%) than in domestic ones (2.5%). Young animals were more parasitized than adults in Barcelona (7.5% and 5.2%, respectively). A similar situation was reported in dogs studied in Salamanca (Spain) (Conde García et al. 1989) , where parasitization in young dogs was much higher (61.2%) than in adults (18.6%) and recently in Córdoba (Spain) (Martínez-Moreno et al. 2007) where the corresponding values were 31.5% and 4.7%. The overall parasitization level for helminths in dogs in Barcelona was similar in both sexes (16.5% in males and 16.3% in females). Seasonality did not 75 Stanis³a affect dog parasitization by helminths in Barcelona but A. caninum showed an insignificantly higher prevalence in fall and winter (7% and 8.7%) than in spring and summer (2.2% and 2.3%).
Gastrointestinal parasitization by protozoans and helminths in the Barcelona cats was 34%. Helminths were present in 24% of the analysed cats (Table IV) , a value much lower than that also reported in Spain in stray cats (89.7%) (Calvete et al. 1998) . Two helminth species have been detected in the cat samples analysed, A. tubaeforme and T. cati. The latter was the most prevalent (22%) but neither gender, age, origin nor seasonality showed significant differences. Higher prevalences for these two nematodes have been reported in stray cats (55.2% for T. cati and 29.3% for A. tubaeforme) with a significantly higher value during the warm period of the year for A. tubaeforme (Calvete et al. 1998) .
Data from the present study indicate that dogs harbour helminth species that are a significant risk to human health. These species are mainly found in stray dogs, in which the most prevalent species (T. canis) is a causative agent of visceral larva migrans. Public health programmes should take into consideration this finding and remove stray dogs from public zones in urban areas. Stray dogs collected and housed in shelters should be de-wormed before adoption. In addition, more attention needs to be paid to parasitization of domestic dogs by T. canis and other helminthic species, and educational programmes about zoonotic diseases that can be transmitted to humans should be developed. These programmes should also address zoonotic protozoan parasites such as Giardia and Cryptosporidium usually neglected in common pet care practices.
Parasitization of urban dogs by Giardia is associated with dog genotype and with zoonotic genotypes, thereby highlighting the public health risk Monis 2004, Traub et al. 2004) . Cryptosporidium genotypes associated with dogs would also be transmitted to humans, mainly to immunocompromised people and, therefore, practising veterinarians should take this into account (Irwin 2002 ). The present results also highlight the zoonotic risk associated with cats related to Giardia, Cryptosporidium and especially to T. cati, the most prevalent parasite in this study, considered by Fisher (2003) as an underestimated zoonotic agent. Thus, the role of cats studied as potential zoonotic agents is evident since most of them were strays and strays animals are not under health control as has been noted (McGlade et al. 2003) . In fact, Cryptosporidium felis has recently been diagnosed in an immunocompetent Spanish adopted child coming from India, thereby confirming zoonotic transmission from cats (Llorente et al. 2006) . Intestinal parasites in dogs and cats
